Abstract: Accurate detection and differentiation of adulterants in food ingredients and herbal medicines are crucial for the safety and basic quality control of these products. Ophiocordyceps sinensis is described as the only fungal source for the authentic medicinal ingredient used in the herbal medicine "Cordyceps", and two other fungal species, Cordyceps militaris and Isaria tenuipes, are the authentic fungal sources for food ingredients in Korea. However, substitution of these three species, and adulteration of herbal material and dietary supplements originating from Cordyceps pruinosa or Isaria cicadae, seriously affects the safety and reduces the therapeutic efficacy of these products. Distinguishing between these species based on their morphological features is very difficult, especially in commercially processed products. In this study, we employed DNA barcode-based species-specific sequence characterized amplified region (SCAR) markers to discriminate authentic herbal Cordyceps medicines and Cordyceps-derived dietary supplements from related but inauthentic species. The reliable authentication tool exploited the internal transcribed spacer (ITS) region of a nuclear ribosomal RNA gene (nrDNA). We used comparative nrDNA-ITS sequence analysis of the five fungal species to design two sets of SCAR markers. Furthermore, we used a set of species-specific SCAR markers to establish a real-time polymerase chain reaction (PCR) assay for the detection of species, contamination, and degree of adulteration. We confirmed the discriminability and reproducibility of the SCAR marker analysis and the real-time PCR assay using commercially processed food ingredients and herbal medicines. The developed SCAR markers may be used to efficiently differentiate authentic material from their related adulterants on a species level. The ITS-based SCAR markers and the real-time PCR assay constitute a useful genetic tool for preventing the adulteration of Cordyceps and Cordyceps-related dietary supplements.
Introduction
Ophiocordyceps sinensis (Berk.) G.H. Sung, J.M. Sung, Hywel-Jones and Spatafora (syn. Cordyceps sinensis (Berk.) Sacc.), a constituent of the traditional herbal medicine Cordyceps, is an entomogenous and well-known medicinal fungus that belongs to the family Ophiocordycipitaceae (division Ascomycota) [1] . According to the Korean and Chinese Pharmacopoeia, the fungal source of the herbal medicine 'Cordyceps', namely Dong Chung Ha Cho in Korean and Dong Chong Xia Cao in saffron, and Cordyceps [6, [20] [21] [22] [23] . Lam et al. [6] used random amplified polymorphic DNA sequences to develop SCAR markers for a rapid identification of O. sinensis, and compared the specificity and experimental duration of this method with that of ITS DNA barcoding. However, the authors designed the SCAR marker only for O. sinensis, which does not address the issue of the market distribution of Cordyceps and related species in Korea. Real-time PCR is used in conjunction with SCAR markers in diverse fields for the identification of the taxonomic origins of pathogens, food ingredients and products, and herbal medicines, because it is fast, easy, and quantitative [24, 25] . Real-time PCR is widely employed, and it is considered to be very useful for the detection of adulterants in food products and herbal medicines, such as pork, fish, ginseng, etc. [26] [27] [28] [29] .
Some genetic methods are currently available for distinguishing authentic Cordyceps species, specifically O. sinensis, from adulterants. Several O. sinensis-specific genetic markers that solely detect O. sinensis in host larvae and soil, were developed from the use of species-specific primers based on O. sinensis ITS sequences [6, [30] [31] [32] . However, these O. sinensis-specific PCR assay methods could not identify the species of adulterants and contaminants. Liu et al. reported a set of species-specific primers that can identify six Cordyceps and related species, using O. sinensis, C. militaris, and I. cicadae, C. gunnii, C. liangshanensis, and O. nutants [3] . Although they developed species-specific markers for identifying the six species, including O. sinensis, C. militaris, and I. cicadae, the range of species that are distributed as inauthentic adulterants in the market are, however, different between Korea and China, and the detection limits of the adulterant species were not clarified [3] . Therefore, an additional marker is needed to discriminate between Cordyceps and its related species, including additional adulterant fungal species, and to improve the currently available genetic tools, in order for the markers to be used as simple and rapid assays of commercially processed products in Korea. In the current study, we analyzed the nrDNA-ITS sequences of Cordyceps, and its related medicinal and food fungal species, i.e., O. sinensis, C. militaris, C. pruinosa, I. tenuipes, and I. cicadae. We designed species-specific SCAR markers and used them for the development of conventional and real-time PCR assays. We also confirmed that these assays were able to successfully discriminate between each species in commercially processed products. The established assays will facilitate the quality control of Cordyceps and related products, providing a reliable tool for the prevention of product adulteration.
Results

Species Identification of Fungal Materials and Analysis of the nrDNA-ITS Sequences
To confirm the species identities and verify sequence variabilities, the complete nrDNA-ITS regions were amplified from 18 samples of six species (Table 1) . DNA fragments were abundantly amplified from all templates and they had expected sizes of approximately 600 bp. The lengths of these PCR amplicons, determined after sub-cloning into the pGEM-T Easy vector, were 567 bp for C. militaris, 583 bp for C. pruinosa, 587 bp for both I. cicadae and I. tenuipes, 580 bp for O. sinensis, and 569 bp for B. bassiana (Table 2) . Taxonomic origins of these 18 samples were confirmed by performing Basic Local Alignment Search Tool (BLAST) searches of the obtained sequences in both GenBank and BOLD databases. The data revealed that four of the fungal strains had been misidentified. Specifically, two presumed I. tenuipes samples, KACC43335 and KACC43338, were identified as being I. cicadae and B. bassiana, respectively, and two presumed I. cicadae samples, KACC44476 and KACC43334, were identified as being I. tenuipes and B. bassiana, respectively (Table 1) . However, all other sample sequences matched their corresponding expected species, sharing over 99% sequence identity with their expected species. We also further confirmed the species of the fungal materials by an analysis of phylogenetic trees using 31 samples of nrDNA-ITS sequences obtained in the current study, and 13 that were retrieved from NCBI GenBank (Table 1, Figure S1 , and Materials and Methods). A neighbor-joining analysis was used to classify the 31 nrDNA-ITS sequences into six distinct clades (C. militaris, C. pruinosa, I. cicadae, I. tenuipes, O. sinensis, and B. bassiana) and four genus cluster groups (Cordyceps, Isaria, Ophiocordyceps, and Beauveria) ( Figure S1 ). These results strongly demonstrated that KACC13335, KACC44476, and KACC43334 and KACC43338 were I. cicade, I. tenuipes, and B. bassiana, respectively ( Figure S1 ). The nrDNA-ITS regions were compared using the multiple ClustalW tool in the BioEdit program [33] . The aligned sequences were 611 bp in length and had 56.06-62.24% GC content. Intraspecific sequence variability was only observed in two species, C. militaris and O. sinensis, at 0.0021 ± 0.0013 and 0.0023 ± 0.0020, respectively ( Table 2 ). Interspecific sequence variability was between 0.0931 ± 0.0691 and 0.2136 ± 0.0095, with I. cicadae and O. sinensis harboring the most similar and the most diverged nrDNA-ITS sequences among the species, respectively (Table 2). To identify the optimal species-specific SCAR primers, the entire nrDNA-ITS sequence was analyzed, comparing the positions of nucleotide substitutions and indels between the species. Based on these nucleotide variabilities, we prepared several candidate SCAR primers and verified their specificities. The primer sets CM F2/CM R2 and CM F3/CM R3, designed to amplify 339-bp and 102-bp length C. militaris-specific amplicons, respectively, yielded DNA products only in the four samples that had been identified as C. militaris. No PCR products were obtained with the remaining 12 templates of the four related species, C. pruinosa, I. cicadae, I. tenuipes, and O. sinensis (Tables 1 and 3 , and Figure S2 and Figure 1A ). These observations indicated that the two primer sets could be used to distinguish C. militaris, and medicinal and food materials containing C. militaris, from the four related species. Two other primer sets, CP F2/CP R2 and CP F4/CP R3, yielded respective unique PCR amplicons of expected lengths (244 bp and 83 bp, respectively) from only the three C. pruinosa samples (Tables 1  and 3 , and Figure S2 and Figure 1B) . Similarly, the two primer sets for each of the other three species (I. cicadae, I. tenuipes, and O. sinensis) yielded unique PCR products of expected sizes only from their respective target species, with no cross-reactivity with other species. These were the primer sets IC F1/IC R1 and IC F3/IC R3 for I. cicadae (337 bp and 139 bp amplicons, respectively), IT F4/IT R3, and IT F3/IT R2 for I. tenuipes (132 bp and 107 bp amplicons, respectively), and OS F1/OS R2 and OS F3/OS R3 for O. sinensis (200 bp and 117 bp amplicons, respectively) ( Tables 1 and 3 , and Figure S2 and Figure 1C -E). These five sets of species-specific SCAR markers, each specific to two different target regions, can therefore be used to identify Cordyceps-related fungal species with high discriminability and stability, more efficiently and successfully than methods based on single SCAR markers.
To verify the sensitivity and detection limits of the SCAR marker-based conventional PCR assay for the five species, serial 10-fold dilutions of pure genomic DNA (gDNA) (15 fg/µL to 15 ng/µL) were amplified using the respective SCAR primer sets ( Figure 2 ). The amplification products with SCAR markers specific to C. militaris, I. cicadae, and O. sinensis, and to I. tenuipes were successfully obtained by conventional PCR in reactions containing ca. 150 fg and 15 pg of gDNA, respectively ( Figure 2 ). Table 1 in the "Gel lane" column. The precise lengths of the PCR products and DNA ladders are indicated to the right and left of the gel images, respectively. M, 100 bp DNA ladder. Standard curves of the species-specific SCAR markers and serial dilutions of the respective templates were used to establish a real-time PCR assay. To confirm the primer specificities for the real-time PCR assay, 15 ng of gDNA from the other four species were tested as non-target DNA; no cross-amplification was observed in any of the real-time PCR assays ( Figure S3 ). The standard curves revealed high amplification efficiency and data linearity (Table 4 and Figure S3 ). The slopes of the standard curves were between −3.343 and −2.757, with the correlation coefficients being between 0.9587 and 0.9999 (Table 4) . The Ct values were 20, 24, 28, 24, and 21 cycles for C. militaris, C. pruinosa, I. cicadae, I. tenuipes, and O. sinensis, respectively ( Table 4 ). The sensitivities (LOD, limit of detection) of the real-time PCR assays were below 1.5 pg for all species ( Figure S3 ). 
Verification of the SCAR Markers and the Real-Time PCR Assay Using Commercial Products
Verification of the reproducibilities and discriminabilities of the SCAR markers developed in the current study was performed using 17 commercial herbal medicines and dietary supplements (Table 5 ). Thirteen samples of Cordyceps-related material, including seven dried herbal medicines, two fresh fruiting bodies, two dried powders, two mixed pill-type dietary supplements, and four dried Cordyceps herbal medicines, were purchased at markets in Korea, China, and Bhutan (Table 5) . Of these samples, most products were labeled only by a common name, namely, Dong Chung Ha Cho or Cordyceps, without any specification of origin at the species level. Using the duplex SCAR markers and a real-time PCR assay, five out of the 11 samples that lacked species specification on the product label were authenticated as C. militaris-, two as I. tenuipes-, and four as O. sinensis-derived products (Table 5 and Figure 3) . Further, one herbal medicine sample (voucher no. 2-2016-F020 in Table 5 ), that was labeled as a Paecillomyces japonica (a synonym of I. japonica) product, was also identified as I. tenuipes by both conventional and real-time PCR (Table 5 and Figure 3 ). For the other five products, the identities of the species specified on the product labels were confirmed (Table 5 and Figure 3) . Interestingly, the original species in pill-type dietary supplements (Voucher nos. 2-2016-F024 and 2-2016-F024) that was presented as a mixture of diverse plant materials and cultured mycelium powder, were also identified as I. tenuipes and C. militaris, respectively (Table 5 and Figure 3 ). These observations indicated that the two sets of SCAR markers and the real-time PCR assay established in the current study could be used for the identification of the five Cordyceps and the related species, as the method was able to distinguish economically motivated adulterants from authentic Cordyceps in both commercially processed products and herbal medicines. Table 5 . The precise lengths of the PCR products and the DNA ladders are indicated to the right and left of the gel images, respectively. M, 100 bp DNA ladder. DCHC indicates an abbreviation of Dong Chung Ha Cho. * Species listed on the product label. ** The taxonomic origin was not specified on the product label.
Discussion
The identification of authentic species has become a crucial issue for the quality control of food and medicinal sources, because most of these materials are collected from wild habitats or are cultivated on farms [34] . Since the accurate identification of fungal species is very difficult, depending on the conventional method used, more reliable and objective methods are required in order to discriminate between strains at the species level [3] . In this study, we developed a simple PCR assay method, and confirmed that the comparative analysis of nrDNA-ITS sequences is one of the most reliable tools for overcoming these difficulties. To verify the accurate determination of species in the samples listed in Table 1 , we carried out BLAST searches, compared entire nrDNA-ITS sequences, and constructed phylogenetic trees. From the BLAST searches, we confirmed that four fungal samples had been misidentified (Table 1) . We also further confirmed the species identification results by an analysis of sequences and phylogenetic trees ( Figures S1 and S2) . A phylogenetic tree of Cordyceps and five related fungal species was constructed from 31 nrDNA-ITS sequences, including 18 nrDNA-ITS sequences that were obtained in the current study and 13 retrieved from the NCBI GenBank, based on the neighbor-joining method (Table 1 , and Materials and Methods). The neighbor-joining analysis classified the 31 nrDNA-ITS sequences into six distinct clades with over 70% bootstrap values (C. militaris, C. pruinosa, I. cicadae, I. tenuipes, O. sinensis, and B. bassiana), and four genus cluster groups (Cordyceps, Isaria, Ophiocordyceps, and Beauveria) ( Figure S1 ). These observations strongly confirmed that the identification results were correctly verified, and that the nrDNA-ITS sequences could be used to distinguish Cordyceps and its five related taxa to the genus level, with the species showing a phylogenetic relationship similar to relationship reported earlier [35] . Further, the phylogenetic analysis confirmed that these six fungal species, which are used as important food and medicinal ingredients, may indeed be distinguished based on nrDNA-ITS sequence divergence.
During the development of species-specific SCAR markers, the specificity of the primer sequence is the most important, because nucleotide substitutions and/or indels play a crucial role for primer specificity [36] . To identify the optimal species-specific SCAR primers, the entire nrDNA-ITS sequences were analyzed, comparing the positions of nucleotide substitutions and indels between the species. While species-specific nucleotide substitutions and indels suitable for SCAR primer design were most numerous in the ITS1 and ITS2 regions of C. militaris, C. pruinosa, and O. sinensis, only several suitable positions were identified for I. cicadae and I. tenuipes ( Figure S1 ). Therefore, both types of ITS regions were considered during the identification of candidate SCAR primers to distinguish Cordyceps and its related fungal species. Species-specific primers were designed based on these candidate regions, and their specificities for their respective target templates and species were verified using 16 samples, listed in Table 1 . This led to the identification of two species-specific SCAR primer sets for each species, to increase the discriminability and stability of the molecular authentication method. Using these primers as a starting point, two SCAR markers were developed for each species, which yielded different sized PCR amplicons, with the expected sizes being obtained only during the analysis of the target species (Figure 1 and Table 3 ).
In addition, to verify the specificity of SCAR primers, the sequences of a total of 55 different species belonging to Ophiocorcyceps and closely related species-which were comprised of six species that were obtained in the current study, and 49 species that had been published in previous reports-were downloaded from GenBank, and the respective primer regions were compared with ClustalW ( Figure S4 ) [3, [30] [31] [32] . As a result, all primers had enough species-specific nucleotide substitutions in both the forward and reverse primer regions to provide primer specificity, with the exception of several species. The sequences of C. roseostromata in the CM F3 and CM R1 regions, and the sequences of I. japonica in the IT F4 and IT R3 also had one or two species-specific nucleotide substitutions. Thus, all SCAR primers that were developed in the current study included at least two species-specific nucleotide substitutions in one of the forward or reverse primer regions. These results also strongly supported the ability of the SCAR markers developed in this study to differentiate the five fungal species, and to discriminate between each precise species.
The detection of adulterants or contaminants is very important for the safety and quality control of food and medicinal materials [15] . In a previous report, an O. sinensis-specific SCAR marker was used to yield a PCR product from 8 ng of O. sinensis template gDNA in a conventional PCR assay; i.e., the sensitivity of that assay was inferior to the sensitivity of the current assay. However, the detection limits of the other species were not determined in order to check the quantity of adulteration and/or contamination [3] . In this study, we determined the detection limits for each species based on both conventional and real-time assays. Hence, the SCAR markers developed in the current study could be used to detect less than 0.1% (at least 0.0001%) contamination in a conventional PCR assay. Consequently, the assay might be employed for the purity assessment of herbal medicines and diverse food ingredients related to Cordyceps. These results indicated that a real-time PCR assay with SCAR markers was able to distinguish between the five fungal species with high sensitivity. Moreover, the assay may constitute a very efficient tool, not only for the identification of authentic C. militaris, I. tenuipes, and O. sinensis species and their closely related adulterants at the species level, but also for the detection of less than 0.01% contamination with adulterants or other species.
Materials and Methods
Fungal Material, DNA Extraction, and Sequencing
Thirteen fungal samples (four of C. militaris, three of C. pruinosa, two of I. tenuipes, and four of I. cicadae) were provided by the Korean Agricultural Culture Collection (KACC) and the Korean Collection for Type Cultures (KCTC), as listed in Table 1 . O. sinensis, the Cordyceps herbal medicine, were provided by Prof. Gi-Ho Sung; they were collected in their native habitat in Bhutan (Table 1) . Mycelia of the 13 fungal samples were obtained after growth on medium as suggested by the providers, consisting of 2% dextrose, 0.5% peptone, 0.5% yeast extract, and 1.5% agar. Fungal gDNA was extracted using the DNeasy plant mini kit (Qiagen, Valencia, CA, USA), gDNA from Cordyceps herbal medicines and commercial products was extracted from the fruiting bodies and individual components, respectively, using the same method, after processing the samples into a fine powder with a grinder (Precellys™ Grinder, Bertin Technologies, Montigny-le-Bretonneux, France). The concentration and purity of the extracted gDNA were determined using the NanoDrop ND-1000 spectrophotometer (NanoDrop, Wilmington, DE, USA), and by electrophoresis on 1.5% agarose gels with known standards. The final DNA concentrations in the samples were adjusted to approximately 15 ng/µL with TE buffer. The samples were stored at −20 • C for further analysis.
Phylogenetic Analysis
A phylogenetic tree was constructed using 31 complete nrDNA-ITS sequences in the MEGA7 program (Version 7.0.26). In addition to the 18 sequences obtained in the current study, 13 previously reported nrDNA-ITS sequences were retrieved from the GenBank, as follows: three I. tenuipes sequences (AB086215, AB086224, and EF411223) and two sequences each from C. pruinosa (AJ039338 and AY491995), C. militaris (AB084156 and AB255603), I. cicadae (KX017277 and KP771871), Beauveria bassiana (KU702657 and GU233698), and O. sinensis (EU570943 and AB067713). A phylogenetic tree was constructed using the neighbor-joining method and Kimura's two-parameter model, with pairwise deletion for gaps and/or missing data, and 1000 replications for bootstrapping. Nectria cinnabarina (AB237663) was used as an outgroup control [35, 37] .
PCR Amplification of nrDNA-ITS and Species Identification
The nrDNA-ITS regions, including the 5.8S rRNA gene, were amplified in a 50 µL PCR mixture containing approximately 15 ng of gDNA, 0.4 µM each of the primers ITS1 and ITS4, and Solg™ 2 × Taq PCR Smart Premix 1 (Solgent, Daejeon, Korea), using a Pro Flex PCR system (Applied Biosystems, Waltham, MA, USA) as previously described [38] . The PCR products were separated on a 1.5% agarose gel. The target amplicons were then isolated using a gel extraction kit (Qiagen, Valencia, CA, USA) and sub-cloned into the pGEM™-T Easy vector system (Promega, Madison, WI, USA) following the manufacturer's instructions. The inserted DNA fragments were sequenced using the primers SP6 and T7, using an ABI3730 DNA sequence analyzer (Applied Biosystems, Waltham, MA, USA). To check for the presence of PCR errors and misreads, five inserted PCR products were analyzed for each sample, and the sequences were manually edited after alignment, as previously described [17] . The identities of each species in the individual samples were confirmed using a BLAST-based comparison and similarity analysis involving the obtained sequences, and sequences were deposited in the NCBI GenBank and BOLD databases (Table 1) . Species identity was further confirmed by a comparison of nucleotide sequences at the intra-and inter-species levels using the entire suite of nrDNA-ITS sequences listed in Table 1 .
Analysis of the nrDNA-ITS Sequences and Development of SCAR Markers
To identify the species-specific nucleotide variants in the nrDNA-ITS region that could be used for SCAR marker development, 18 sample sequences representing six species, including B. bassiana (Bals.-Criv.) Vuill., were aligned and manually edited using the ClustalW algorithm in the BioEdit program (Version 7.2.5). The inter-and intraspecific variabilities were then analyzed using the MEGA7 program [33, 37] . The resulting species-specific regions with distinct indels and nucleotide substitutions were selected as potential candidate SCAR primers, and they were synthesized to amplify the SCAR regions. A PCR was performed to confirm the specificities of individual primer sets, in 20 µL reaction mixtures containing approximately 15 ng of gDNA, and 0.4 µM of each species-specific forward and reverse primers. The amplification reactions were performed using the Pro Flex PCR system (Applied Biosystems, Waltham, MA, USA). The amplification conditions were as follows: initial denaturation at 95 • C for 2 min, followed by 35 cycles of 95 • C for 30 s, 63 • C for 30 s, and 72 • C for 30 s, and a final extension step at 72 • C for 5 min. To verify the PCR results, PCR products were resolved by 1.5% agarose gel electrophoresis, and the specificity and size of the DNA fragments were verified with a 100 bp DNA ladder (Solgent, Daejeon, Korea). To improve the stability and discriminability of the SCAR marker-based species identification method, two sets of SCAR primers were developed for each species, and the specificities of both SCAR markers were confirmed using the 18 samples listed in Table 1 .
Establishment of a SYBR Green Real-Time PCR Assay
Real-time PCR was performed using a Qiagen Rotor-Gene Q thermal cycler (Qiagen, Valencia, CA, USA) with SYBR green, in 20-µL reaction volumes. To generate a standard curve for each species, real-time PCR reactions were performed in 20 µL reaction mixtures containing 1 × QuantiNova™ SYBR green PCR master mix, templates (one of the following five 10-fold serial dilutions for each species: 15 ng, 1.5 ng, 150 pg, 15 pg, or 1.5 pg), and 0.7 µM of each of the following primer pairs: CM F3/R3 for C. militaris, CP F4/R3 for C. pruinosa, IC F3/R2 for I. cicadae, IT F3/R2 for I. tenuipes, and OS F3/R3 for O. sinensis. gDNAs extracted from pure fungal cultures of each species were used as templates. Negative control reactions were performed in the absence of template DNA. The real-time PCR amplification conditions were as follows: a pre-denaturation step at 95 • C for 2 min; followed by 40 cycles of 95 • C for 10 s, and 55 • C for 20 s. The amplification program finished with a melting curve analysis, i.e., a progressive denaturation of PCR products from 60 • C to 99 • C, at a rate of 1 • C every 5 s. The efficiency (E) of the real-time PCR amplification was calculated from the slope of the standard curve using the equation E = (10 − 1/slope − 1) × 100. The threshold cycle (Ct) was calculated from the slope of the standard curve for each species, using Rotor-Gene Q series software (Version 2.1; Qiagen).
Verification of the SCAR Markers and Real-Time PCR Assay Using Commercial Products
To validate the SCAR markers and the real-time PCR assay, 17 commercial Cordyceps and related products were purchased from markets in Korea, Bhutan, and China, and their taxonomic origins were verified. About 15 ng of total gDNA extracted from individual samples was used as a template in 20-µL reaction mixtures. The SCAR PCR amplification was performed under the same conditions as described for developing the SCAR markers, with each of the 0.5 µM primers that are listed in Table 3 . As a PCR amplification control, we also amplified nrDNA-ITS regions for all of the 17 commercial products using ITS1 and ITS4 primers. The specificities of the SCAR markers and the taxonomic origins of the 17 commercial samples were confirmed by 1.5% agarose gel electrophoresis, depending on the amplicon size and specificity, and they were reconfirmed by comparing the resulting sequences of the PCR products (SCAR and nrDNA-ITS products) with the control nrDNA-ITS sequences after gel isolation and sub-cloning into the pGEM-T Easy vector (Promega, Madison, WI, USA). BLAST analyses of the SCAR and nrDNA-ITS PCR product sequences were also conducted to confirm the specificities of the PCRs and the identity of the respective species, using BLAST-based comparison and similarity analysis involving the obtained sequences, as well as sequences deposited in the NCBI GenBank and BOLD databases. Real-time amplification was performed as described above, with approximately 15 ng of template DNA, extracted from each of the 17 commercial samples.
Data Availability
The finalized representative nrDNA-ITS sequences obtained from the 18 samples representing the five fungi species (Cordyceps and its related species) were deposited in the NCBI GenBank database under the following accession numbers: O. sinensis, MG833285-MG833287; C. militaris, MG833281-MG833284; C. pruinosa, MG833288-MG833290; I. tenuipes, MG833293-MG833296; I. cicadae, MG833291-MG833292; and B. bassiana, MG833297-MG833298.
Conclusions
In the current study, we obtained the nrDNA-ITS sequences of five Cordyceps and related medicinal fungal species, O. sinensis, C. militaris, C. pruinosa, I. tenuipes, and I. cicadae. Based on these sequences, we developed two sets of SCAR markers for identifying each species and for detecting the contamination of inauthentic adulterants. Using these species-specific SCAR markers, we also established a real-time PCR assay that is capable of identifying the taxonomic origin, the degree of contamination (purity), and the amount of the adulterants in samples. The SCAR-based conventional and real-time PCR assays were also verified using commercially processed food products and herbal medicines. These assays may be used to identify authentic fungal species and to prevent the agricultural, industrial, and therapeutic applications of inauthentic O. sinenesis. In addition, it may constitute a reliable tool for the quality control and safety assurance of medicinal and food ingredients for Cordyceps and its related materials.
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